Electrocoagulation treatment of dairy processing and slaughterhouse wastewaters by Reilly, Matthew et al.
This is a repository copy of Electrocoagulation treatment of dairy processing and 
slaughterhouse wastewaters.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/156651/
Version: Published Version
Article:
Reilly, Matthew, Cooley, Andrew P., Tito, Duarte et al. (2 more authors) (2019) 
Electrocoagulation treatment of dairy processing and slaughterhouse wastewaters. Energy
Procedia. pp. 343-351. ISSN 1876-6102 
https://doi.org/10.1016/j.egypro.2019.02.106
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
ScienceDirect
Available online at www.sciencedirect.com
www.elsevier.com/locate/procedia
ü
Energy Procedia 161 (2019) 343351
1876-6102 © 2019 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of the 2nd International Conference on Sustainable Energy and Resource Use in Food 
Chains, ICSEF2018.
10.1016/j.egypro.2019.02.106
© 2019 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of the 2nd International Conference on Sustainable Energy and Resource Use in 
Food Chains, ICSEF2018 
2nd International Conference on Sustainable Energy and Resource Use in Food Chains, ICSEF 
2018, 17-19 October 2018, Paphos, Cyprus
$YDLODEOHRQOLQHDWZZZVFLHQFHGLUHFWFRP
^ĐŝĞŶĐĞŝƌĞĐƚ
(QHUJ\3URFHGLD±
ZZZHOVHYLHUFRPORFDWHSURFHGLD
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
7KLVLVDQRSHQDFFHVVDUWLFOHXQGHUWKH&&%<1&1'OLFHQVHKWWSVFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHQG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\DQG5HVRXUFH8VHLQ)RRG&KDLQV
,&6()
QG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\DQG5HVRXUFH8VHLQ)RRG&KDLQV,&6()2FWREHU3DSKRV&\SUXV
(OHFWURFRDJXODWLRQWUHDWPHQWRIGDLU\SURFHVVLQJDQG
VODXJKWHUKRXVHZDVWHZDWHUV
0DWWKHZ5HLOO\D$QGUHZ3&RROH\E'XDUWH7LWRE6DYYDV$7DVVRXF	
0LFKDHO.7KHRGRURXD
$EVWUDFW
7KHGDLU\SURFHVVLQJDQGVODXJKWHUKRXVHLQGXVWULHVFRQVXPHODUJHYROXPHVRIZDWHUDQGWKHLUZDVWHHIIOXHQWVRIWHQFRQWDLQKLJK
OHYHOVRIFKHPLFDOR[\JHQGHPDQG&2'ELRFKHPLFDOELRORJLFDOR[\JHQGHPDQG%2'DQGIHUWLOLVLQJQXWULHQWV7KHUHIRUH
ZDWHUWUHDWPHQWLVQHFHVVDU\WRUHGXFHWKHOHYHOVRIWKHVHFRQWDPLQDQWVSULRUWRGLVFKDUJHRUUHXVHRIWKHZDWHU,QWKLVVKRUW
UHYLHZSDSHUZHSURYLGHDEULHIRYHUYLHZRIHOHFWURFRDJXODWLRQ(&WHFKQRORJ\DQGVXPPDULVHWKHFXUUHQWOLWHUDWXUHUHODWLQJWR
WKHXVHRI(&WUHDWPHQWWRFOHDQGDLU\SURFHVVLQJDQGVODXJKWHUKRXVHZDVWHZDWHUV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
7KLVLVDQRSHQDFFHVVDUWLFOHXQGHUWKH&&%<1&1'OLFHQVHKWWSVFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHQG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\DQG5HVRXUFH8VHLQ
)RRG&KDLQV,&6()
Keywords:HOHFWURFRDJXODWLRQDJULFXOWXUHZDVWHZDWHUGDLU\PHDW




&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:PUHLOO\#KDUSHUDGDPVDFXN
$YDLODEOHRQOLQHDWZZZVFLHQFHGLUHFWFRP
^ĐŝĞŶĐĞŝƌĞĐƚ
(QHUJ\3URFHGLD±
ZZZHOVHYLHUFRPORFDWHSURFHGLD
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
7KLVLVD RSHQDFFHVVDUWLFOHXQGHUWKH&&%<1&1'OLFHQVHKWWSVFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHQG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\DQG5HVRXUFH8VHLQ)RRG&KDLQV
,&6()
QG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\ DQG5HVRXUFH8VHLQ)RRG&KDLQV,&6()2FWREHU3DSKRV&\SUXV
(OHFWURFRDJXODWLRQWUHDWPHQWRIGDLU\SURFHVVLQJDQG
VODXJKWHUKRXVHZDVWHZDWHUV
0DWWKHZ5HLOO\D$QGUHZ3&RROH\E'XDUWH7LWRE6DYYDV$7DVVRXF	
0LFKDHO.7KHRGRURXD
aAgricultural Centre for Sustainable Energy Systems (ACSES), Animal Production, Welfare and Veterinary Sciences, Harper Adams University, 
Newport, Shropshire, TF10 8NB, United Kingdom 
bElentec Ltd, Stanton, Glyngarth, Menai Bridge, Gwynedd, LL59 5PE, United Kingdom 
cBrunel University London, Institute of Energy Futures, RCUK Centre for Sustainable Energy use in Food chains (CSEF), 
Uxbridge, UB8 3PH, United Kingdom 
$EVWUDFW
7K GDLU\SURFHVVLQJDQGVODXJKWHUKRXVHLQGXVWUL VFRQVXPHODUJHYROXPHVRIZDWHUDQGWKHLUZDVWHHIIOXHQWVRIWHQFRQWDLQKLJK
OHYHOVRIFKHPLFDOR[\JHQGHPDQ &2'ELRFKHPLFDOEL ORJLFDOR[\JHQGHPDQG%2'DQGI UWLOLVLQJQXWULHQWV7KHUHIRUH
ZDW UWUH WPHQWLVQHFHVV U\WRUHGXFHWKHOHY OVRIWKHVHFRQWDPLQDQWVSULRUWRGLVFKDUJHRUUHXVHRIWKHZDWHU,QWKLVVKRUW
UHYLHZSDSHUZ SURYLGHDEULHIRYHUYLHZRIHOHFWURFRDJ ODWLRQ(&WHFKQRORJ\DQGVXPPDULVHWKHFXUUHQWOLWHUDWXUHUHODWLQJWR
WKHXVHRI(&WUHDWPHQWWRFOHDQGDLU\SURFHVVLQJDQGVODXJKWHUKRXVHZDVWHZDWHUV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
7KLVLVD RSHQDFFHVVDUWLFOHXQGHUWKH&&%<1&1'OLFH V KWWSVFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG
6HOHFWLRQDQGSHHUUHYLHZ XQGHUUHVSRQVLELOLW\RIWKHQG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\DQG5HVRXUFH8VHLQ
)RRG&KDLQV,&6()
HOHFWURFRDJXODWLRQDJULFXOWXUHZDVWHZDWHUGDLU\PHDW


&RUUHVSRQGLQJDXWKRU7HOID[
PUHLOO\#KDUSHUDGDPVDFXN
344 Matthew Reilly  et al. / Energy Procedia 161 (2019) 343351 
1RPHQFODWXUH
DT DTXHRXV
J JDV
O OLTXLG
V VROLG
$,6, $PHULFDQ,URQDQG6WHHO,QVWLWXWH
$O DOXPLQLXP
%2' ELRFKHPLFDOELRORJLFDOR[\JHQGHPDQG
& FRXORPEV
&2' FKHPLFDOR[\JHQGHPDQG
(& HOHFWURFRDJXODWLRQ
) )DUDGD\
VFRQVWDQW
)H LURQ
+DUG ZDWHUKDUGQHVV
, FXUUHQW
0 PRODUPDVV
1 QLWURJHQ
178 QHSKHORPHWULFWXUELGLW\XQLW
2	* RLODQGJUHDVH
3 SKRVSKRUXV
3$&O SRO\DOXPLQLXPFKORULGH
36: SRXOWU\VODXJKWHUKRXVHZDVWH
W SURFHVVWLPH
7'6 WRWDOGLVVROYHGVROLGV
71 WRWDOQLWURJHQ
72& WRWDORUJDQLFFDUERQ
73 WRWDOSKRVSKRUXV
7UE WXUELGLW\
76 WRWDOVROLGV
766 WRWDOVXVSHQGHGVROLGV
86 8QLWHG6WDWHVRI$PHULFD
89$ XOWUDYLROHW$
Z LRQGRVDJHIURPDQRGH
] YDOHQF\

,QWURGXFWLRQ
'DLU\SURFHVVLQJDQGVODXJKWHUKRXVHLQGXVWULHVUHTXLUHODUJHYROXPHVRIZDWHUIRUWKHLURSHUDWLRQVDQGWKHUHIRUH
JHQHUDWHDFRQVLGHUDEOHDPRXQWRIZDVWHHIIOXHQWV7KHDPRXQWRIZDVWHZDWHUHIIOXHQWIURPGDLU\IRRGSURGXFWLRQLV
DURXQG WLPHV WKHYROXPHRI IRRGSURGXFW FUHDWHG >@0RUHRYHU LW KDVEHHQHVWLPDWHG WKDW WKHPHDW LQGXVWU\
DFFRXQWVIRUDSSUR[LPDWHO\DWKLUGRIWKHWRWDOIUHVKZDWHUFRQVXPHGE\WKHJOREDODJULFXOWXUDOVHFWRU>@0HDWDQG
GDLU\SURGXFWLRQDUHERWKLQGXVWULHVZKLFKFRQWLQXHWRJURZUDSLGO\LQUHVSRQVHWRZRUOGSRSXODWLRQJURZWKLQFUHDVLQJ
DIIOXHQFHDQGKLJKHUFRQVXPHUGHPDQG>@
,GHDOO\ZDVWHZDWHUVIURPGDLU\SURFHVVLQJDQGVODXJKWHUKRXVHVVKRXOGEHFOHDQHGRQVLWHWRDYRLGFRQWDPLQDWLRQ
RI WKH ORFDOHQYLURQPHQWDQGHQDEOH UHFLUFXODWLRQRIZDWHUEDFN LQWRSODQWRSHUDWLRQV'DLU\DQGPHDWSURFHVVLQJ
HIIOXHQWVRIWHQFRQWDLQKLJKOHYHOVRIRUJDQLFPDWHULDOVDQGIHUWLOLVHUQXWULHQWV7KHUHIRUHWKH\SUHVHQWDKLJKULVNWR
ZDWHUZD\VDQGVRLODQGFDQOHDGWRHQYLURQPHQWDOGDPDJHLIWKH\DUHQRWWUHDWHGDSSURSULDWHO\EHIRUHEHLQJGLVFKDUJHG
>@)RUH[DPSOHGLVFKDUJHRI&2'LQWRULYHUVFDQFDXVHHXWURSKLFDWLRQDQGOHDGWRUDSLGGHSOHWLRQRIGLVVROYHG

R[\JHQZKLFKVXEVHTXHQWO\UHVXOWVLQORVVRIDTXDWLFOLIH>@'LVSRVDORIXQWUHDWHGZDVWHZDWHURQODQGFDQFDXVH
VXUIDFHZDWHUORJJLQJDVZHOODVELRORJLFDODQGKHDY\PHWDOFRQWDPLQDWLRQRIJURXQGZDWHU>@)XUWKHUPRUH6KHWH
DQG6KLQNDU >@ GHVFULEHGKRZGDLU\HIIOXHQWVLQSDUWLFXODUZLOOUDSLGO\GHFRPSRVHLQWURSLFDOUHJLRQVDQGUHOHDVH
IRXO RGRXUV WKDW FDQ DWWUDFW IOLHV DQG PRVTXLWRV ZKLFK FDUU\ PDODULD DQG RWKHU GDQJHURXV GLVHDVHV 6XEVWDQWLDO
YDULDWLRQVLQWKHTXDQWLW\DQGTXDOLW\RIGDLU\HIIOXHQWVSURYLGHDWHFKQLFDOFKDOOHQJHIRUWUHDWPHQWVROXWLRQVSULRUWR
GLVFKDUJH6XFKYDULDWLRQVFDQEHVHDVRQDOGXHWRKLJKHUSURFHVVLQJLQWKHVXPPHUPRQWKVZKLOHVLJQLILFDQWKRXUO\
FKDQJHVFDQRFFXUGXHWRFOHDQLQJUHJLPHVRUDVZLWFKWRWKHW\SHRIGDLU\SURGXFWPDGH>@
6ODXJKWHUKRXVHZDVWHZDWHUSUHVHQWVDELRORJLFDOULVNWRKXPDQVDQGRWKHUDQLPDOVGXHWRWKHSUHVHQFHRISDWKRJHQV
SKDUPDFHXWLFDOVDQG WR[LFFKHPLFDOVZKLFKDUHXVHGIRUSODQWFOHDQLQJ>@7KLVKDUPIXOSRWHQWLDOPHDQV WKDW WKH
GLVSRVDORIVODXJKWHUKRXVHDQGGDLU\ZDVWHLVRIWHQVXEMHFWWRORFDOOHJLVODWLRQVZKLFKKDYHEHHQSXWLQSODFHWRSURWHFW
SXEOLFKHDOWK>@)RUH[DPSOH&2'LQVODXJKWHUKRXVHZDVWHZDWHURIWHQUHTXLUHVUHGXFWLRQZLWKVLPLODUOHYHOV
RIWUHDWPHQWEHLQJUHTXLUHGIRUERWK1DQG3EHIRUHILQDOGLVFKDUJHLQWRWKHHQYLURQPHQW>@
&XUUHQWO\WKH8.GDLU\SURFHVVLQJDQGVODXJKWHUKRXVHLQGXVWULHVERWKXVHWHFKQRORJLHVVXFKDVFKHPLFDOGRVLQJ
UHYHUVHRVPRVLVDQDHURELFGLJHVWLRQGLVVROYHGDLUIORDWDWLRQDQGPHPEUDQHELRUHDFWRUVWRWUHDWWKHLUZDVWHZDWHUV>
@,QUHFHQW\HDUVDQXPEHURIVWXGLHVKDYHLQYHVWLJDWHGWKHSRWHQWLDORILQFRUSRUDWLQJWKHSURFHVVRI(&DORQJVLGH
RULQVWHDGRIWKHPRUHFRQYHQWLRQDOWUHDWPHQWWHFKQRORJLHVIRUGHDOLQJZLWKWKHVHZDVWHHIIOXHQWV7KLVVKRUWUHYLHZ
SDSHUDLPVWRJLYHDEULHIRYHUYLHZRI(&DQGWKHSRWHQWLDOIRUWKHWHFKQRORJ\LQGDLU\SURFHVVLQJDQGVODXJKWHUKRXVH
LQGXVWULHV


)LJ$QHOHFWURFRDJXODWLRQ(&FHOOLQLWVPRVWEDVLFEDWFKIRUP
*HQHUDORYHUYLHZRIHOHFWURFRDJXODWLRQWHFKQRORJ\
7\SLFDOO\(&HTXLSPHQWFRQVLVWVRI'&SRZHUHGFDWKRGHDQGDQRGHHOHFWURGHVZKLFKDUHSDUWLDOO\VXEPHUJHG
LQWRDWDQNWKDWFRQWDLQVDFRQWDPLQDWHGVROXWLRQ)LJ7KHVHHOHFWURGHVFDQYDU\LQVKDSHVL]HDQGQXPEHUEXW
UHFWDQJXODUVKDSHGSODWHVDUHRIWHQXVHG>@7KHPRVWFRPPRQPHWDOVXVHGWRPDQXIDFWXUH(&HOHFWURGHVDUH$O
DQG)HEHFDXVHWKH\DUHFRVWHIIHFWLYHZLGHO\DYDLODEOHDQGQRQKD]DUGRXV>@7KH(&V\VWHPFDQEHRSHUDWHG
LQEDWFKRUFRQWLQXRXVPRGHVE\HLWKHUWUHDWLQJDIL[HGYROXPHRIZDVWHHIIOXHQWSHUSURFHVVF\FOHRUWUHDWPHQWRID
FRQWLQXRXVIORZRIWKHZDVWHVWUHDPUHVSHFWLYHO\
(OHFWURO\VLVLVXVHGLQ(&WRFDXVHWKHGLVVROXWLRQRIWKHPHWDOVDFULILFLDODQRGHLQWRWKHZDVWHZDWHU7KHIOX[RI
PHWDOLRQVIURPWKHVDFULILFLDODQRGHDFWDVDFRDJXODWLQJDJHQWIRUELQGLQJFRQWDPLQDQWV2QFHLQVROXWLRQ$ODQG
)H LRQV ZLOO UHDFW ZLWK 2+ JURXSV WR IRUP K\GUR[LGHV ZKLFK ELQG FRQWDPLQDQWV HLWKHU E\ FRPSOH[DWLRQ RU
HOHFWURVWDWLFDWWUDFWLRQ>@2IWHQWKHGLVSHUVLRQRIWKHFRDJXODQWLVDLGHGE\DVKRUWEXUVWRIIDVWPHFKDQLFDOVWLUULQJ
 Matthew Reilly  et al. / Energy Procedia 161 (2019) 343351 345
1RPHQFODWXUH
DT DTXHRXV
J JDV
O OLTXLG
V VROLG
$,6, $PHULFDQ,URQDQG6WHHO,QVWLWXWH
$O DOXPLQLXP
%2' ELRFKHPLFDOELRORJLFDOR[\JHQGHPDQG
& FRXORPEV
&2' FKHPLFDOR[\JHQGHPDQG
(& HOHFWURFRDJXODWLRQ
) )DUDGD\
VFRQVWDQW
)H LURQ
+DUG ZDWHUKDUGQHVV
, FXUUHQW
0 PRODUPDVV
1 QLWURJHQ
178 QHSKHORPHWULFWXUELGLW\XQLW
2	* RLODQGJUHDVH
3 SKRVSKRUXV
3$&O SRO\DOXPLQLXPFKORULGH
36: SRXOWU\VODXJKWHUKRXVHZDVWH
W SURFHVVWLPH
7'6 WRWDOGLVVROYHGVROLGV
71 WRWDOQLWURJHQ
72& WRWDORUJDQLFFDUERQ
73 WRWDOSKRVSKRUXV
7UE WXUELGLW\
76 WRWDOVROLGV
766 WRWDOVXVSHQGHGVROLGV
86 8QLWHG6WDWHVRI$PHULFD
89$ XOWUDYLROHW$
Z LRQGRVDJHIURPDQRGH
] YDOHQF\

,QWURGXFWLRQ
'DLU\SURFHVVLQJDQGVODXJKWHUKRXVHLQGXVWULHVUHTXLUHODUJHYROXPHVRIZDWHUIRUWKHLURSHUDWLRQVDQGWKHUHIRUH
JHQHUDWHDFRQVLGHUDEOHDPRXQWRIZDVWHHIIOXHQWV7KHDPRXQWRIZDVWHZDWHUHIIOXHQWIURPGDLU\IRRGSURGXFWLRQLV
DURXQG WLPHV WKHYROXPHRI IRRGSURGXFW FUHDWHG >@0RUHRYHU LW KDVEHHQHVWLPDWHG WKDW WKHPHDW LQGXVWU\
DFFRXQWVIRUDSSUR[LPDWHO\DWKLUGRIWKHWRWDOIUHVKZDWHUFRQVXPHGE\WKHJOREDODJULFXOWXUDOVHFWRU>@0HDWDQG
GDLU\SURGXFWLRQDUHERWKLQGXVWULHVZKLFKFRQWLQXHWRJURZUDSLGO\LQUHVSRQVHWRZRUOGSRSXODWLRQJURZWKLQFUHDVLQJ
DIIOXHQFHDQGKLJKHUFRQVXPHUGHPDQG>@
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DQG6KLQNDU >@ GHVFULEHGKRZGDLU\HIIOXHQWVLQSDUWLFXODUZLOOUDSLGO\GHFRPSRVHLQWURSLFDOUHJLRQVDQGUHOHDVH
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ZDVWHZDWHUHLWKHUGLUHFWO\RUE\WKHIXUWKHUDGGLWLRQRIK\GUR[\OUDGLFDOV7RUUHV6iQFKH] >@XVHGHOHFWURGHV
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0LVWKHPRODUPDVVRIWKHHOHFWURGHPHWDOJPRO]LVWKH
YDOHQF\RIWKHDQRGHPHWDODQG)LV)DUDGD\¶VFRQVWDQW&PRO+RZHYHUDVRXWOLQHGE\.XRNNDQHQ 
>@WKHWKHRUHWLFDODPRXQWRIDQRGHGLVVROXWLRQLVRIWHQH[FHHGHGGXULQJ(&RSHUDWLRQGXHWRSLWWLQJFRUURVLRQ
,QDGGLWLRQWRSURFHVVLQJWLPHWKHDSSOLHGFXUUHQWDQGFKRLFHRIHOHFWURGHPDWHULDOWKHRYHUDOOHIILFLHQF\RIWKH(&
SURFHVVLVDOVRGHSHQGHQWRQSDUDPHWHUVRIWKHZDVWHLQIOXHQWVXFKDVWKHFRQGXFWLYLW\DQGS+>@*UHDWHUFRQGXFWLYLW\
LQ WKHZDVWHZDWHUVWUHDPORZHUVRKPLFUHVLVWDQFHRI WKHHOHFWURO\VLVFLUFXLW7KLV UHGXFWLRQ LQHOHFWULFDO UHVLVWDQFH
ORZHUVWKHYROWDJHWKDWLVQHFHVVDU\WRWUHDWDUHTXLUHGORDGZKLFKVXEVHTXHQWO\ORZHUVWKHHOHFWULFDOFRQVXPSWLRQRI
WKHSURFHVV>@
7KHGRPLQDQWVSHFLHVRI$ODQG)HLRQVIRUPHGLVGHWHUPLQHGE\WKHS+RIWKHZDVWHVWUHDP >@:KHQXVLQJ$O
HOHFWURGHVDQH[FHVVRI$OFDWLRQVDUHIRUPHGLQDS+EHORZa$O2+ LVPDLQO\DFWLYHEHWZHHQS+DQG
DOXPLQDWHDQLRQVHJ$O2DUHGRPLQDQWZKHQWKHS+H[FHHGVa7KHYDOHQF\RIGLVVROYHG)HFDQEHFRQWUROOHG
E\S+DQGXVHGWRSUHGLFWWKHIRUPDWLRQRI)H2+RU)H2+FRDJXODQWVLQWKHVROXWLRQ7KH)HLRQVDUHKLJKO\
VROXEOHDQGWKHUHIRUHDQDONDOLQHS+LVEHQHILFLDOIRUWKHLUR[LGDWLRQLQWRWULYDOHQWFDWLRQVZKLFKDUHRSWLPDOIRU)H
FRDJXODWLRQRIFRQWDPLQDQWV>@7DEOHSURYLGHVDVXPPDU\RIWKHDGYDQWDJHVDQGGLVDGYDQWDJHVRIXVLQJ(&
WHFKQRORJ\






7DEOH7KHSRVLWLYHVDQGQHJDWLYHVRIXVLQJHOHFWURFRDJXODWLRQWRWUHDWZDVWHVWUHDPV
3RVLWLYHV 1HJDWLYHV
/RZHQHUJ\UHTXLUHPHQW
6PDOOHTXLSPHQWIRRWSULQW
6XLWDEOHIRUGHFHQWUDOLVHGUXUDORSHUDWLRQ
1RUHTXLUHPHQWIRUKD]DUGRXVFKHPLFDOV
/RZULVNRIVHFRQGDU\FRQWDPLQDWLRQ
/RZFDSLWDOFRVW
/RZRSHUDWLQJH[SHQVH
5HGXFWLRQLQVOXGJHYROXPH
&DQUHPRYHDYDULHW\RIFRQWDPLQDQWV
5HJXODUUHSODFHPHQWRIDQRGHVDQGFDWKRGHV
5HTXLUHVDVRXUFHRIHOHFWULFLW\
)RXOLQJRUSDVVLYDWLRQRIHOHFWURGHSODWHV
FDQFDXVHSURFHVVLQHIILFLHQF\

(OHFWURFRDJXODWLRQDSSOLFDWLRQVLQWKHOLYHVWRFNIRRGSURFHVVLQJVHFWRU
3.1. The dairy industry 
,QUHFHQW\HDUVDQXPEHURIVWXGLHVKDYHLQYHVWLJDWHGWKHSRWHQWLDORILQFRUSRUDWLQJ(&LQWRRQVLWHWUHDWPHQWRI
GDLU\ZDVWHV>@7DEOH7KHVHVWXGLHVKDYHGHPRQVWUDWHGWKDW(&FDQUHPRYHWXUELGLW\31DQG&2'
IURPGDLU\ZDVWHZDWHUùHQJLODQG|]DFDU>@XVHGELSRODUVWHHO(&HOHFWURGHVLQEDWFKPRGHVWRWUHDWDPL[WXUHRI
HIIOXHQWVIURPDGDLU\IDFWRU\7KHUHVHDUFKHUVVKRZHGWKDW&2'UHPRYDOHIILFLHQF\LQFUHDVHGIURPWRZKHQ
WKHLQLWLDOFRQFHQWUDWLRQRI&2'ZDVLQFUHDVHGIURPWRPJ/7FKDPDQJRet al.,>@H[SHULPHQWHGZLWK
V\QWKHWLFGDLU\ZDVWHVFUHDWHGIURPWKHGLOXWLRQRIVHPLVNLPPHGPLONSRZGHUDQGODFWRVH7KHLUH[SHULPHQWVZKHUH
PDGHXVLQJDQ$ODQRGHDFXUUHQWRI$PDQGDWUHDWPHQWWLPHRIPLQXWHVWKH\DFKLHYHGDQGUHPRYDO
RI1DQG3UHVSHFWLYHO\1RWDEO\WKHUHGXFWLRQRI&2'E\(&LQWKLVVWXG\ZDVPXFKORZHUWKDQWKDWDFKLHYHG
E\ùHQJLODQG|]DFDU>@DQGWKLVFDQEHDWWULEXWHGWRWKHVXSHULRULW\RIVWHHOIRUUHPRYLQJFRQWDPLQDQWVVXFKDVODFWRVH
7KHLQYHVWLJDWRUVZHQWRQWRFRPSDUHWKHHIILFLHQF\EHWZHHQ(&DQGFRQYHQWLRQDOFKHPLFDOGRVLQJXVLQJDOXPLQLXP
VXOSKDWH7KHPRODUFRQFHQWUDWLRQRI$OUHTXLUHGIRUWUHDWPHQWZDVFRQVLVWHQWEXWWKHPDVVRIWKHFKHPLFDOUHTXLUHG
ZDVWLPHVJUHDWHU>@
*KDKUHPDQL et al., >@ FRPSDUHG WKH XVH RI $O )H DQG VWDLQOHVV VWHHO DQRGHV WR WUHDW UDZ VDPSOHV RI PL[HG
ZDVWHZDWHUV IURPDGDLU\ IDFWRU\7KHLUEHVW(&SHUIRUPDQFHZDV DFKLHYHGXVLQJ)HZKLFK UHGXFHG&2' LQ WKH
HIIOXHQWIURPWRPJ/DUHGXFWLRQRI/RSHV*HUDOGLQRet al.,>@XVHG)HDQRGHVLQEDWFKPRGHWR
FRPSOHWH D GHWDLOHG VWXG\ LQ ZKLFK S+ WUHDWPHQW WLPH DQG FXUUHQW ZHUH YDULHG 6XUIDFH UHVSRQVH PHWKRGRORJ\
LQGLFDWHGWKDWWKHPRVWVXFFHVVIXOUHPRYDORI&2'FRXOGEHDFKLHYHGZKHQWKHS+ZDVLQFUHDVHGIURPWRE\
WKHDGGLWLRQRI&D2+SULRUWRXVLQJDFXUUHQWGHQVLW\RIa$PIRUPLQXWHV7KHVHFRQGLWLRQVUHPRYHGRYHU
RIWXUELGLW\DQG&2'ZKLOHUDLVLQJWKHS+RIWKHWUHDWHGHIIOXHQWWR/RSHV*HUDOGLQRet al., >@ ZHQWRQWR
HVWLPDWHWKDW86ZDVWKHRSHUDWLQJFRVWIRUWUHDWLQJHDFKPRIGDLU\ZDVWHZDWHUXVHGLQWKHLUFDVHVWXG\
4DVLPDQG0DQH>@LQYHVWLJDWHGDUDQJHRI(&SDUDPHWHUVWRWUHDWPLONDQGLFHFUHDPSURGXFWLRQZDVWHZDWHUV,Q
WKHLUVWXG\WKH\VXFFHVVIXOO\UHGXFHGWKH&2'WXUELGLW\DQGKDUGQHVVRIWKHZDVWHZDWHUHIIOXHQWV7KHLQYHVWLJDWRUV
GHPRQVWUDWHGWKDWZKHQXVLQJ$OHOHFWURGHVIRUPLQXWHV&2'WXUELGLW\DQGKDUGQHVVFRXOGEHUHGXFHGLQGDLU\
ZDVWHZDWHUE\ DQG UHVSHFWLYHO\:KLOHXVLQJ WKH VDPH(& UHDFWRU FRQGLWLRQVRI&2'RI
WXUELGLW\DQGRIKDUGQHVVZHUHUHPRYHGIURPLFHFUHDPZDVWH7DEOH%DVVDODet al.,>@WHVWHGDQRYHO(&
UHDFWRUGHVLJQZKLFKFRQVLVWHGRIDQDUUD\RI$OHOHFWURGHVWRWUHDWV\QWKHWLFGDLU\ZDVWHZDWHUDQGUHSRUWHGWKDW
RI3DQGRI&2'FRXOGEHUHPRYHGIRUDWUHDWPHQWFRVWRI86P
2WKHU LQYHVWLJDWRUVKDYH VWXGLHG WKH LQFRUSRUDWLRQRI DGYDQFHGR[LGDWLRQSURFHVVHV LQWR(& WUHDWPHQWRIGDLU\
ZDVWHZDWHU>@7RUUHV6iQFKH]et al. >@ ORRNHGDW WKHSRWHQWLDOIRUFRPELQLQJ)HQWRQ¶VUHDFWLRQR]RQH
WUHDWPHQWDQG(&WRSURFHVVWKHZDVWHFUHDWHGE\DQLFHFUHDPIDFWRU\)HQWRQ¶VUHDFWLRQFDQEHDSSOLHGGXULQJ(&E\
WKHDGGLWLRQRI+2WRWKHSURFHVVZKHQXVLQJ)HDQRGHV7KHUHDFWLRQEHWZHHQK\GUR[\OUDGLFDOVIURP+2DQG
)HLQFUHDVHVWKHR[LGDWLRQVWDWHRI)HWR)H7KHDSSOLFDWLRQRIR]RQHWR(&FDQDOVRFRQWULEXWHWRR[LGDWLRQLQWKH
ZDVWHZDWHUHLWKHUGLUHFWO\RUE\WKHIXUWKHUDGGLWLRQRIK\GUR[\OUDGLFDOV7RUUHV6iQFKH]et al.>@XVHGHOHFWURGHV
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ZLWKDSHULRGLFLQWHUFKDQJHRIFLUFXLWSRODULW\7KHDGGLWLRQRI+2DWDUDWLRRI+2)HLQFRPELQDWLRQZLWK
DQR]RQHVWUHDPRIPJKZDVDEOHWRHQKDQFH&2'UHPRYDOWRFRPSDUHGWRWKHDFKLHYHGE\WKH(&
RQO\FRQWURO,QDUHFHQWVWXG\7LUDGRet al.>@WHVWHGDUDQJHRIDQRGHPDWHULDOVIRU(&RIGDLU\ZDVWHDQGDSSOLHGD
SKRWRHOHFWUR)HQWRQUHDFWLRQE\XVLQJD89$ODPS7KLVSURFHVVFRPELQDWLRQZDVDEOHWRUHPRYHDSSUR[LPDWHO\
RIWRWDORUJDQLFFDUERQIURPFKHHVHZKH\ZDVWHZDWHU7KHDXWKRUVLGHQWLILHGWKHHQHUJ\FRQVXPSWLRQRIWKH89$WR
EHHFRQRPLFDOO\XQIDYRXUDEOHDQGVXJJHVWHGWKHXVHRIGLUHFWVXQOLJKWDVDSRWHQWLDODOWHUQDWLYH>@
3.2. The slaughterhouse industry 
$QXPEHURIVWXGLHVKDYHGHPRQVWUDWHGWKHSRWHQWLDORI(&IRUWUHDWLQJVODXJKWHUKRXVHZDVWHV>±@
7DEOH5HVHDUFKLQWKLVDUHDKDVLQFOXGHGYDULDWLRQRIS+>@FXUUHQWGHQVLW\>@WUHDWPHQWWLPH>@DQGWKH
LQIOXHQFHRIGLOXWLRQ>@
%D]UDIVKDQ et al. >@ XVHG D FRPELQHG FKHPLFDO DQG (& SURFHVV WR WUHDW HIIOXHQW FROOHFWHG IURP D FDWWOH
VODXJKWHUKRXVH)LUVWO\FKHPLFDOFRDJXODWLRQZLWK3$&OZDVXVHGEHIRUHFROOHFWLQJWKHVXSHUQDWDQWDQGFDUU\LQJRXW
IXUWKHUWUHDWPHQWXWLOLVLQJELSRODUEDWFK(&ZLWK$OHOHFWURGHV7KHVWXG\VKRZHGWKDWDIWHUXVLQJD3$&OGRVDJHRI
PJ/DQG WKHQDSSO\LQJ9 IRUKRXURI(& WKH&2'DQG%2' OHYHOVZHUH UHGXFHG WR OHYHOVEHORZ WKH
UHTXLUHPHQWVIRUGLVFKDUJHLQ,UDQ7KHDXWKRUVQRWHGWKDWWKHHQHUJ\FRQVXPSWLRQRIWKH(&VWDJHZDVN:KP
%D]UDIVKDQ et al. >@ KLJKOLJKWHG D FRPPRQ FKDOOHQJH RI WUHDWLQJ VODXJKWHUKRXVH ZDVWH ZKLFK LV WKH GLIILFXOW\
DVVRFLDWHGZLWKUHPRYLQJWKHKLJKTXDQWLWLHVRIIDWRLODQGJUHDVHWKDWWKH\FRQWDLQ
$KPDGLDQet al.>@YDULHGWKHWRWDOQXPEHURI)HHOHFWURGHVWKHFXUUHQWGHQVLW\DSSOLHG$PDQGXVHG
YDULRXVWUHDWPHQWWLPHVPLQWRWUHDWVODXJKWHUKRXVHZDVWHLQEDWFKPRGH,QFUHDVLQJDOORIWKHSDUDPHWHUVOHG
WRDKLJKHUDYHUDJHUHPRYDOHIILFLHQF\IRU%2'&2'VXVSHQGHGVROLGVDQG1,QWKHLUVWXG\$KPDGLDQet al.>@
GHPRQVWUDWHGWKDWWKHUDWHRIUHPRYDORIWKHVHDWWULEXWHVRYHUWLPHFRUUHODWHGZHOOZLWKDILUVWRUGHUNLQHWLFVPRGHO
2WKHU VWXGLHV XVLQJ (& KDYH IRFXVHG RQ WUHDWPHQW RI ZDVWHZDWHU IURP 36: >   @
7KLUXJQDQDVDPEDQGKDPet al.,>@WUHDWHG36:ZLWKD&2'VWUHQJWKRIPJ/7KHLQYHVWLJDWRUVFRPSOHWHGD
UDQJHRIODEWHVWVDQGDQDO\VHGWKHLUILQGLQJVE\XVLQJDUHVSRQVHVXUIDFHH[SHULPHQWDOGHVLJQ7KHLUUHVXOWDQWPRGHO
SUHGLFWHGWKDWWKHRSWLPXP(&RSHUDWLRQDOFRQGLWLRQVIRUWUHDWPHQWRI36:ZHUHWRXVHDQLQLWLDOS+RISUH
GLOXWLRQRIWKHLQIOXHQWZLWKZDWHUHOHFWURO\WHGRVHRIPJ/DQGDFXUUHQWGHQVLW\RIP$FP7KLVSURFHVV
ZDVDEOHWRDFKLHYHRYHUUHPRYDORI&2'ZKLOHFRQVXPLQJDQHOHFWULFDOORDGRIN:K/.RE\Det al.>@
XVHGERWK$ODQG)HHOHFWURGHV WR WUHDW WKHLU VRXUFHRI36:DQGVKRZHG WKDW&2'UHPRYDOHIILFLHQF\GHFUHDVHG
LQYHUVHO\LQUHODWLRQWRWKHLQLWLDOS+RIWKHZDVWH(YHQWKRXJKWKHLQLWLDO&2'PJ/LQWKH(&ZRUN
FRPSOHWHGE\.RE\Det al.>@ZDVPXFKKLJKHUWKDQWKDWWHVWHGE\7KLUXJQDQDVDPEDQGKDPHWal.,>@WKHDXWKRUV
VWLOOPDQDJHGWRDFFRPSOLVKDQGUHPRYDOLQPLQVZKHQDSSO\LQJDFXUUHQWGHQVLW\RI$PWR$ODQG
)HHOHFWURGHV UHVSHFWLYHO\%D\DUet al. >@DOVR LQYHVWLJDWHG WKHXVHRI$O(& WRSURFHVV36:%D\DUet al. >@
UHSRUWHGWKDWWKHKLJKHVWUHPRYDOHIILFLHQFLHVZHUHREWDLQHGZKHQXVLQJDQLQLWLDOS+RI7KHDXWKRUVGHPRQVWUDWHG
WKDWLWLVLPSRUWDQWWRRSWLPLVHVWLUULQJGXULQJIORFFXODWLRQ:KHQWKHVWLUULQJVSHHGZDVORZUSPFRDJXODWLRQ
ZDVOLPLWHGE\FROOLVLRQVDQGDWWDFKPHQWVEHWZHHQIORFV&RQYHUVHO\ZKHQXVLQJKLJKVSHHGVWLUULQJ!USPIORFV
GLVLQWHJUDWHGGXHWRWXUEXOHQFH>@$VVHOLQet al.>@UHSRUWHGWKDW$ODQG)HHOHFWURGHVKDGVLPLODUHIIHFWLYHQHVVIRU
WUHDWLQJ WKH 36: XVHG LQ WKHLU VWXG\ ERWK DFKLHYLQJ FORVH WR  &2' UHPRYDO 7KHLU HFRQRPLF DVVHVVPHQW
FRQFOXGHGWKDWWKH(&FRVWRIWUHDWLQJPRI36:DPRXQWHGWR86

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ZLWKDSHULRGLFLQWHUFKDQJHRIFLUFXLWSRODULW\7KHDGGLWLRQRI+2DWDUDWLRRI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)HLQFRPELQDWLRQZLWK
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)XWXUHZRUNDQGFRQFOXVLRQV
7DEOHKLJKOLJKWVWKHUDQJHLQ(&SRZHUFRQVXPSWLRQN:KPUHTXLUHGE\YDULRXVLQYHVWLJDWRUVWRSURFHVVPHDW
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RIGHWDLOHGOLIHF\FOHDQDO\VHVDUHFUXFLDOWRTXDQWLI\WKHFDSH[RSH[DQGHQYLURQPHQWDOLPSDFWEHIRUHZLGHVSUHDG
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